Two taxonomies of money that include cryptocurrencies are analyzed. A definition of the term cryptocurrency is given and a taxonomy of them is presented, based on how its price is fixed. The characteristics of the use of current fiat money and the operation of two-level banking systems are discussed. Cryptocurrencies are compared with fiat money and the aspects in which the latter cannot be overcome are indicated. The characteristics of blockchains and databases are described. The possible cases of use of both technologies are compared, and it is noted that blockchains, in addition to cryptocurrencies and certain records, have not yet shown their usefulness, while databases constitute the foundation of most of the automated systems in operation.
The analysis of the monetary aspect that will be developed here starts from the fact that countries need the existence of a State for its operation, that there is a legal basis that must be respected, that people have the right to a high level of privacy, as long as this privacy does not facilitate the breach of the laws. On the other hand, it must be accepted that current and future technological development will undoubtedly modify the possibilities and preferences of the human being, and of the society as a whole.
Regarding the comparison of technologies, the scope of both will be reviewed, in order to define their main areas of application, as well as their possible integration.
FIAT MONEY AND CRYPTOCURRENCIES
As stated earlier, the term cryptocurrencies are often used as a synonym for Bitcoin and the technology it uses 4 .
It is well known that there are currently more than 2300 cryptocurrencies and that their number increases daily. These cryptocurrencies are of different types, from the monetary point of view, so a possible classification of them will be presented in the first place, that allows a comparison with fiat money to be established in a more systematic way.
Although cryptocurrencies have had a great presence in the popular, commercial and even academic media in recent years, the process of their use and generalization is still very incipient.
Here are some figures to illustrate this fact.
The global supply of fiat money is USD 80 trillion [1], while the market value of all cryptocurrencies according to Coinmarketcap [2] was USD 248.5 billion on November 3, 2019, that is approximately 0.31% of the world's money supply.
The market value [3] of each of the 20 largest companies worldwide is greater than that of cryptocurrencies as a whole, and just the value of the largest company is 3.7 times higher.
The daily volume of currency exchange transactions (FOREX) averaged USD 6.5 trillion in April 2019 [4] , while cryptocurrencies according to [2] moved a daily volume of USD 0.035 5 trillion on November 3 of 2019, 0.53% of the April average of FOREX operations.
2.1Taxonomies of money
There are several recent works [5] [6] [7] in which taxonomies of money are presented and discussed, which obviously include cryptocurrencies. These works often include graphics to illustrate the proposed classification. Below, two graphics called "the flower of money" and "the money trees" are shown, that are quite illustrative and will help us in the classification that will be presented later.
The taxonomy presented in "the flower of money" starts from four classification criteria which, at their intersections, define different types of money, namely:
• Universal accessibility • Based on electronic procedures for its operation • If it is issued by the Central Bank (fiat money)
• If her processing is done in a peer to peer network Note that in this classification cryptocurrencies are defined as those that are issued and operated by electronic means in a peer-to-peer network. While those that are operated by the central bank, even when they also use electronic media and equal networks, are called digital money from the central bank. The classification presented in Figure 2 "Money trees" is based on the following criteria:
• The type of instrument (right or object)
• The characteristics of its value (fixed, variable when reimbursed, unit of account, others)
• How it is supported in the case of rights (by the government or by the private sector)
• Technology used for its operation (decentralized or centralized) Figure 2 "Money Trees", a hierarchical taxonomy of money [5] .
In "Money trees" 5 types of money are defined:
• B-money, (bank-money) i.e. debit cards, checks, transfers. • I-money, (investment-money) i.e. Gold-coins and Libra.
• Central Bank money. Examples: cash and Central Bank Digital Currency.
• Cryptocurrencies. With two categories: Public currency, like Bitcoin, and managed currency, like Basis.
As can be seen in the taxonomies illustrated above, even in investigations of important institutions, different contents are used for the term cryptocurrency.
In other works [5] [8] the terms digital money and virtual money are also used to refer to some types of cryptocurrencies.
Definition and classification of cryptocurrencies
In this work, cryptocurrency means any instrument that fulfills some of the functions of money; that is obtained, owned, and changed ownership by cryptographic means; and whose transactions are recorded in a blockchain.
This definition intentionally departs from the characteristics of Bitcoin in the following ways:
• It does not necessarily have to be managed in a decentralized peer-to-peer network, in which anyone with the necessary technical resources can participate,
• It is not mandatory to protect the identity of cryptocurrency holders,
• The issuance may be centralized in the Central Bank or another financial entity, It is understood that the novelty and universality of cryptocurrencies lies in the use of cryptography and, in particular, the construction of a blockchain for its issuance and management, something that can be done without restricting to the characteristics of Bitcoin.
Regarding the classification of cryptocurrencies that meet the definition given above, the way in which their price is fixed in relation to fiat money will be used as criteria.
This criterion is fundamental to analyze the possible use of any cryptocurrency as a means of payment of products or services, one of the functions of money that most affect the proper functioning of an economy. By law, the prices are expressed in each country using the unit of account defined by the Central Bank, which is embodied in fiat money.
The other important aspect for the use of some instrument as a means of payment is the response time necessary to accept and register a transaction. This is of utmost importance for the use of any means of payment, and in many cryptocurrencies it is not satisfactory, but in the following it will not be taken into account, since it is understood that technological development can substantially improve the current state in many cases.
Taking into account what has been explained so far, the following classification for cryptocurrencies is proposed:
• Cryptocurrencies issued by the Central Bank Although there are several investigations in central banks for the creation of cryptocurrencies [8] , cryptographic techniques and blockchains are not used even in the issuance of cash equivalents by central banks. The development of these technologies should allow in the near future their use by central banks, first, for wholesale payment systems.
• Cryptocurrencies anchored to fiat money
There are several cryptocurrencies anchored to fiat money that currently work, most with highs and lows due to lack of compliance with, or transparency in, their procedures. JPMorgan, the US financial giant, announced in February 2019 the next start-up of JPM Coin, a cryptocurrency anchored to the dollar to accelerate customer transactions. This step opens the way for the issuance by commercial banks of cryptocurrency anchored to fiat money.
• Cryptocurrencies anchored to assets (commodities or baskets of commodities or fiat currencies)
Like cryptocurrencies anchored to fiat money, there is a group of cryptocurrencies currently operating anchored to assets, with their ups and downs for similar reasons. Facebook has announced a project [9] to issue a cryptocurrency (Libra) anchored to a basket of fiat currencies, which promises to solve the problems that so far have had this type of cryptocurrency. Regardless of the financial power of Facebook, its experience in ICT and the enormous mass of costumers that use its current systems, the information available on this project does not yet allows to clearly glimpse its future.
• Cryptocurrencies whose price floats
The best known examples of this type of cryptocurrencies are Bitcoin and Ethereum. Despite its popularity in the media, due to its current difficulties, mainly related to the instability of its fiat currency prices, its use is nowadays basically speculative. As can be seen, the maximum value reached was about USD 400 million at the end of 2017, when Bitcoin got a peak of its value of the order of USD 19,000.
As stated in [10] , the monthly average of the Visa card brand is USD 500 billion, 10 000 times higher than the Bitcoin average in mid-2018. 
Special features of the issuance and use of fiat money through banking systems
The current fiat money is the result of a development process of more than 3,000 years.
Since the creation of banking systems in a group of countries at the beginning of the 19th century, with a Central Bank that performs the functions of primary money issuance, settlement center for interbank transactions and lender of last resort, among others, the issuance of the money that exists in the whole economy is made at two levels.
• The central bank is the one who makes the primary issuance of money through cash and the acceptance of deposits from commercial banks and the government. All of these obligations of the Central Bank are called "the monetary base".
• Commercial banks 6 are authorized to take deposits and can issue money by granting loans and reflecting them in their accounting as assets before lenders and liabilities of equal magnitude that are deposited in accounts available to them. This process is called secondary money issuance, as it increases the total money available to the economy as a whole.
This secondary money issuance function is not possible in a scheme where the issuance of new funds is subject to previously defined rules and cannot be done at the discretion of third parties, as is generally the case in cryptocurrencies.
By granting loans, commercial banks not only enable the economy to be energized by providing new funds, but also play a role as promoters of efficiency, by granting them to entities that can show their ability to return them.
It is obvious that the Central Bank, directly or through bodies created for this purpose, constantly monitors the secondary money issued and sets rules to commercial banks to reduce or avoid systemic risks.
Regarding the use of fiat money, two systems for payments can be distinguished: the one for payments for high amounts, which as a rule are made by commercial banks through the, from Central Banks operated, real-time gross settlement systems (RTGSS) when different banks intervene in a transaction. When the accounts of origin and destination are in the same bank, the payments are simply annotated in the records of the bank. The other type of systems are the ones for retail payments, in which cash is used and, with increasing participation, electronic means of payment.
There is a great diversity of means of payment [11] that allows different commercial or personal situations to be resolved, in which banks play an important role in reducing the risks of these transactions, and / or helping with their financing.
An illustrative example is that of letters of credit, with which an importer can agree with an exporter to make a transaction using their respective banks. With the letter of credit, the importer's bank guarantees that the payment will be made if the exporter meets certain conditions described in that document. The exporter's bank is responsible for reviewing these conditions and, if they are met, it sends the corresponding documentation to the importer's bank, receives the payment and pays the exporter.
Another example is the possible discount of a bill of exchange accepted at term. With these operations, the financial institutions, in particular the banks, can assume a commercial credit initially granted by a seller, and advancing the amount of the bill of exchange, with the obvious discount.
BLOCKCHAINS AND DATABASES
Blockchain technology has its origin in a work signed by Satoshi Nakamoto [12] released on the internet with the name "Bitcoin: A Peer-to-Peer Electronic Cash System", and which basically describes the protocol that cryptocurrency uses today.
Current relational databases are based on a paper published in 1970 by Edgar Codd [13] , where he described how to use the mathematical theory of relationships to build databases.
The blockchains
A blockchain is nothing more than a set of chained blocks, so that the content of a block cannot be modified without modifying the following blocks; and for this modification, certain data must be decoded for each block, with the application of cryptographic elements, which make it very difficult.
In each block transactions can be stored, or any other information whose record is to be kept without being altered.
In the original definition of blockchains, they are managed and registered in peer-to-peer computer networks, in which anyone can participate. For this mechanism to work, and for the blocks to be accepted as valid by the network, there must be a procedure that allows a consensus to be reached between the network elements, so that the so-called problem of the Byzantine generals is solved 7 .
This technology is also known as "distributed ledgers technology", due to the fact that the ledgers are kept on several computers at the same time.
When blockchains are used to manage a cryptocurrency they must comply with the following principles:
• It must be ensured that the amounts of the cryptocurrency acquired by a participant are not used two or more times.
• Each transaction includes the amounts to be transferred, who transfers them and who receives them.
• Only the holder of the funds to be transferred can generate a transaction.
• The funds are stored in purses that have both a public and a private identification.
• Private identification is used to sign the transactions by the holder of the funds and the public to indicate the name of the purses of origin and destination.
• Once the transaction is registered, ownership of the funds passes to the recipient. 7 The problem of the Byzantine generals is to be able to transmit a message to other generals through an enemy territory in order to coordinate an action against it, knowing that some of the generals can be traitors and that if most generals do not act together they cannot achieve victory.
• Both the transferor and the recipient of the funds can ratify in the blockchain that the transaction was recorded, so no conciliation is required.
Blockchains have been the subject of countless research in recent years that have resulted in the extension of the original concept in several ways.
Types of blockchains
The networks in which blockchains are managed can be of three basic types [14] :
• Permissionles: Public networks, in which anyone can participate.
• Permissioned: Consortial networks, in which several entities participate and only other entities can be incorporated if they receive a permit.
• Private: in which a single entity manages the network.
In addition to the type of network used, blockchains can be distinguished by other criteria, in particular:
• Consensus algorithm used,
• Size and characteristics of each block,
• Time needed to register a block.
There are dozens of consensus algorithms that are used in the current blockchains, each with its own particularities. In [15] the operation of the following ones is analyzed The best-known consensus algorithm is the proof of work (PoW), that is part of the original article on Bitcoin [12] .
The other algorithms are used in different cryptocurrencies. The size and characteristics of each block don´t influence to much the efficiency of a blockchain since, in general, the process to achieve consensus is the most time-consuming, and does not directly depend on the size or characteristics of each block.
As for the time required to register each block, depending on the protocol it can be fixed, as in the case of Bitcoin, that normally takes 10 minutes, or as fast as consensus can be achieved, as in the case of Ethereum, which right now requires between 5 and 14 seconds to register a transaction.
A characteristic of blockchains introduced by the Ethereum 9 cryptocurrency is that of smart contracts. Smart contracts are programs that are incorporated into the blockchain, which monitor certain conditions and, if any of the planned ones are met, make decisions about the transfer of funds.
There are several academic articles [17] [18] that point out deficiencies in these mechanisms, some even claim that this idea should be taken with great caution [19] . From these criteria it can be affirmed that the technology of smart contracts still has a long way to go, and that its use will be restricted to very specific cases.
The databases
The current relational databases are the product of a development of almost 50 years, from Codd's original work [13] .
The databases currently constitute the main intangible fixed asset of the automated systems in operation in the different entities [20] . Database management systems that use the relational model (RDBMS) represent the most appropriate technology for automated business management systems (ERP), including financial ones, due to their eminently transactional character and the high degree of structuring of the information they record. 10 The end result of a database design is a set of interrelated tables. For each table, the columns it contains must be defined, including those that make up the primary and external keys, as well as the relationships with other tables and the formal rules that all rows must meet. Tables are populated with rows, the amount of which normally varies dynamically. In certain cases, the actions to be taken when a table is updated can and should be defined too.
There are tools to facilitate the design of databases, including the entity relationship model, first proposed by Peter P. Chen in 1976 [21] , which provides a methodology to define the structure of a database and standardize it [22] , and has several software implementations to support that process.
There are currently multiple RDBMS 11 , which guarantee the work with transactions and comply with the A.C.I.D. test 12 .
The data manipulation language that has prevails is SQL (Structured Query Language), especially since 1984, when IBM announced that it would put into operation a relational database that used it [23] .
An important group of improvements have been added to the initial designs of the RDBMS in the last 40 years, which have allowed them to support the solution of increasingly complex problems. Of these, the most comprehensive seems to be the inclusion of code as part of the database, in the form of user-defined functions, stored procedures, and the so-called triggers, procedures that are executed when an update of the table occurs.
Modern programming languages basically use the object-oriented paradigm, where objects are capsules that not only represent data structures, but also include procedures that apply to those structures. In these languages, the definition of new objects can start from "inheriting" the structures and procedures of already defined objects, so that code reuse is extraordinarily enhanced.
In order to bridge the differences between objects and tables in relational databases, most current programming languages are accompanied by what are known as object-relationship mappers (ORM). The ORMs allow programmers to think only of the objects defined by themselves when coding the algorithms, while at the time of execution it is the ORM that is responsible for interacting with the corresponding database tables.
As an extension of databases, data warehouses have emerged in recent years. A data warehouse is nothing more than one or several databases, which are restructured in order to facilitate the search for information relevant to decision making.
Remember that a normal database for an ERP should prioritize the ease of real-time update in transactional mode and the issuance of established periodic reports. Therefore, its structure does not necessarily facilitate obtaining interrelated information about certain entities contained in the database.
Data warehouses obviously do not have to meet the real-time update requirements in transactional mode. Their update is carried out with a periodicity never less than one day, in processes that run autonomously on the servers, usually at low load times, and which can last many hours.
CONCLUTIONS
About the monetary aspect, As explained above, there are current functions of fiat money, which are achieved through the existence of a two-tier banking system, which cannot be covered by cryptocurrencies that are issued and managed in a decentralized manner.
From the types of cryptocurrencies defined in this work, it is clear that cryptocurrencies issued by the central bank are one more form of fiat money, as is cash and bank deposits, so comparison of this cryptocurrencies with fiat money is not necessary.
Cryptocurrencies anchored to fiat money may in the future play an important role in payment transactions and as a means of hoarding, provided that the procedures used to guarantee their convertibility to fiat money [24] are reliable, transparent and accepted in a generalized way.
Cryptocurrencies anchored to assets, to the extent that they are reliable, transparent and generally accepted as well as those anchored to fiat money, may serve as a means of hoarding, similar to the assets to which they are anchored.
Finally, cryptocurrencies whose price floats, represent a type of asset to hoard but, at least under current conditions, a not very reliable and basically speculative one.
About the technology aspect. as we have seen in the above, blockchains fulfill a very specific objective: to record transactions or other objects indelibly; while the databases fulfill a much broader objective: to allow the storage of interrelated data to simplify their recovery and, with this, to facilitate, in the first place, the automation of the management of any entity.
There are many attempts to apply 13 blockchains in fields other than those of cryptocurrencies, but as far as the author knows, no real-life applications have been achieved, that leave no doubt about their further development, as has happened with other technologies.
The databases, on the other hand, constitute the core of most of today's large automated systems. Replacing these systems using blockchains is unthinkable at the moment.
Everything seems to indicate that blockchains will continue to be used, in the immediate future, as the base technology of cryptocurrencies, in very specific applications, such as property records, and as a complement to some applications of the current databases to increase their robustness. 
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